We present 3 cases of large B-cell lymphoma (LBCL) with a granular cytoplasmic staining for anaplastic lymphoma kinase (ALK). All of the cases showed striking similarities in morphology and immunohistochemical profile characterized by a massive monomorphic proliferation of CD20 ؊ /CD138 ؉ plasmablast-like cells. In one of the cases, initially diagnosed as a null-type anaplastic large cell lymphoma (ALCL), the B-cell phenotype became evident only at recurrence. Fluorescent in situ hybridization (FISH) and molecular studies led to the detection of a CLTC-ALK rearrangement in all 3 cases, without any evidence of full-length ALK receptor expression. The associated t(2;17)(p23;q23) was demonstrated in the karyotype of 2 cases. Although a similar CLTC-ALK aberration was previously identified in ALK-positive T-/null cell ALCL and inflammatory myofibroblastic tumor, its association with ALK-positive LBCL seems to be specific and intriguing.
Introduction
Anaplastic lymphoma kinase (ALK)-positive lymphomas represent a distinct entity within the group of CD30 ϩ T-/null cell anaplastic large cell lymphoma (ALCL). 1 The aberrant expression of ALK in these tumors results from a rearrangement of the ALK gene with various partner genes including NPM/5q35, TPM3/1q25, ATIC/2q35, TFG/3q21, CLTC/17q23, MSN/Xq12, [2] [3] [4] and ALO17/ 17q21. 5 The common molecular feature of all 2p23/ALK-related aberrations is the fusion of the ALK tyrosine kinase domain to the 5Ј region of partners, which provides a promotor and most likely an oligomerization motif involved in the constitutive activation of the ALK kinase.
The possible involvement of ALK in B-cell lymphomagenesis also has been hypothesized by Delsol et al 6 based upon a series of ALK-positive large B-cell lymphomas (LBCLs) assumed to express full-length ALK receptor by an unknown molecular mechanism.
Here, we report 3 LBCL cases characterized by a granular ALK cytoplasmic immunostaining found to result from an underlying t(2;17)(p23;q23)/CLTC-ALK rearrangement.
Study design Patients
Cases 1, 2, and 3 are from Ghent, Nijmegen, and Leuven, respectively.
Polymerase chain reaction (PCR) and Southern blot
PCR and Southern blot analysis of IGH/K/L and TCR were carried out as described elsewhere. [7] [8] 
Cytogenetics and fluorescent in situ hybridization (FISH)
G-banding analysis and FISH were performed according to previously described protocols. 9 Applied probes included locus-specific identifier (LSI) ALK, whole chromosome paint (WCP) 2, and WCP17 (Vysis, Bergish-Gladbach, Germany), the P1 clone 1111H1 (ALK), 10 and bacterial artificial chromosome (BAC) 758H9 (CLTC). 5 Combined immunophenotyping and interphase cytogenetic analysis (FICTION) 11 using LSI ALK with either an ALK1 monoclonal antibody (MoAb) 12 or anti-immunoglobulin A (IgA), or anti-IgG (DAKO, Glostrub, Denmark) antibodies were performed on tissue imprints of frozen material and frozen tissue sections (10 m).
Reverse transcription (RT)-PCR
RNA isolation, cDNA synthesis, nested PCR, and sequencing were carried out to identify ALK fusion transcripts as described elsewhere. 5 To analyze the possible presence of full-length ALK transcripts, 2 RT-PCR experiments were designed amplifying the 5Ј end of ALK, primers ALK-ex28f (5Ј-GCAACATCAGCCTGAAGACA-3Ј) and ALK-ex29r (5Ј-GCCTGTT-GAGAGACCAGGAG-3Ј), or the 3Ј end of ALK, ALK-ex1f (5Ј-CTCAGC-GAGCTGTTCAGTTG) and ALK-ex2r (5Ј-GGAGAAGGCATGTTTGTTGG-3Ј). As a positive control for both 5Ј-and 3Ј-ALK, cDNA derived from human fetal poly(A) ϩ RNA (Clontech, Palo Alto, CA) was used. mRNA (1 g) was reverse transcribed with random hexamer primers in 20 L of buffer provided by manufacturer; 3 L cDNA was used for each RT-PCR. With an annealing temperature at 59°C, 35 cycles were performed. The identity of the PCR products was confirmed by sequencing.
Results and discussion
Clinical, pathologic, (cyto)genetic, and molecular features of the cases are summarized in Table 1 . Of interest is that the B-cell phenotype of case 2, originally diagnosed as null-type ALCL and included in our previous study, 5 became evident only at recurrence. Since monoclonal IGH/K/L rearrangements were found at relapse (Table 1) , diagnostic and relapse biopsies were reanalyzed with a wider spectrum of B-cell markers resulting in a final diagnosis of ALK-positive LBCL. Case 3 was initially diagnosed as diffuse LBCL (DLBCL) with plasmablastic differentiation. ALK expression in this case was found after revision.
All 3 cases showed a granular cytoplasmic ALK expression using the ALK1 MoAb 12 ( Figure 1B) , and the molecular events underlying this expression pattern were investigated. Dual-color FISH with LSI ALK revealed a prominent population of cells with Figure 1C-D) , or IgG (case 2) ( Figure 1E ). The diagnostic sample of case 2 was already included in our previous study of ALK-positive tumors and shown to contain the CLTC-ALK rearrangement. 5 The same CLTC-ALK fusion product (confirmed by direct sequencing) was detected in the sample at relapse ( Figure 2B/case 2) . To identify the fusion product of case 1, RT-PCR analysis for some of the known ALK fusions (TPM3-ALK, ATIC-ALK, CLTC-ALK, ALO17-ALK) was carried out. In this case also a CLTC-ALK fusion transcript was present. However, the RT-PCR product was about 100 nucleotides (nt) longer than the product obtained in case 2. 5 Sequencing of the RT-PCR product revealed a fusion of exon 31 of CTLC to exon 20 of ALK, separated by an additional 111 nt ( Figure 2D ). Sequence analysis suggests that this is the result of the presence of the genomic fusion site 48 nt upstream of ALK exon 20 and the use of a cryptic splice signal in the CLTC intron following exon 31, 63 nt upstream of this genomic breakpoint ( Figure  2E ). The AG acceptor sequence of this cryptic site is preceded by a 17 nt polypyrimidine stretch, probably generating a stronger splice signal than the one preceding ALK exon 20. The open reading frame is conserved by this rearrangement. For case 3, again a CLTC-ALK fusion transcript was detected by RT-PCR ( Figure 2C ) and sequence analysis indicated the same fusion as reported for case 2.
The results of the molecular analysis were further confirmed by metaphase FISH on cases 2 and 3 using LSI ALK, clones covering ALK (1111H1) and CLTC (758H9), and painting probes ( Figure 1F-G) . The FISH patterns were in line with the t(2;17)(p23;q23)/CLTC-ALK.
So far, only very few data on ALK-positive B-cell lymphomas are available in literature. [14] [15] [16] [17] Of interest is the report of Gascoyne et al 18 who found among 70 adult ALCLs, 5 B-cell ALCL cases with ALK expression in both the nucleus and cytoplasm. Only one of these cases displayed a phenotype similar to our cases; in this particular case a t(2;5) was documented by cytogenetics. These data are in contrast with the findings of Delsol et al 6 who reported 7 cases of ALK-positive LBCL showing morphologic and phenotypic features of a plasmablastic differentiation. All of these cases were characterized by a granular cytoplasmic staining for ALK1 and a membranous staining for ALK-EC (serum reactive with the extracellular ALK region), assumed to represent expression of full-length ALK receptor through an unknown molecular mechanism. Interestingly, by morphology and phenotypic analysis our 3 cases are very similar to those reported by Delsol et al. 6 However, RT-PCR analysis of the present cases with primer sets designed to amplify the 5Ј or the 3Ј end of the ALK cDNA, respectively, detected the presence of 3Ј-ALK but not of 5Ј-ALK sequences showing that in these cases the ALK reactivity is due to the exclusive expression of CLTC-ALK fusion (Figure 2A) .
Occurrence of the same CLTC-ALK rearrangement in all 3 LBCL cases analyzed is intriguing. Although this variant aberration was already found in T-/null cell ALCL 19 and in the inflammatory myofibroblastic tumor, 20 it could be a specific event in ALKpositive LBCL. Considering the peculiar morphology and phenotype of these lymphoma cells (CD20 Ϫ , CD138 ϩ , ALK1 ϩ , CD30 ϩ/Ϫ ) one might wonder how many similar cases are hidden in the null-type ALCL and DLBCL groups.
Of interest, the finding of ALK expression/rearrangement in T-/null cell ALCL as well as in LBCL is in line with results published by Kuefer et al, 21 Lange et al, 22 and Chiarle et al 23 who showed development of either B-or T-and B-cell lymphoma in mice with experimentally overexpressed NPM-ALK.
In conclusion, presented data indicate that ALK activation by CLTC-ALK also plays a role in the pathogenesis of large B-cell lymphomas. The clear correlation of CLTC rearrangement with LBCL is of particular interest and warrants further investigations.
